We present a tally of Milky Way late-type dwarf stars in 68 WFC3 pure-parallel fields (227 arcmin 2 ) from the Brightest of Reionizing Galaxies (BoRG) survey for high-redshift galaxies. Using spectroscopically identified M-dwarfs in two public surveys, the CANDELS and the ERS mosaics, we identify a morphological selection criterion using the half-light radius (r 50 ), a near-infrared J-H, G-J color region where M-dwarfs are found, and a V-J relation with M-dwarf subtype.
INTRODUCTION
Counting stars to infer the shape and size of our Milky Way Galaxy is a classic experiment in Astronomy. However, it is also among the most prone to insufficient data as well as conceptual shortfalls (e.g., Herschel 1785; Kapteyn 1922) . Over time, it was established that the Milky Way's scale height is inversely proportional to the masses of stars sampled (Gilmore & Reid 1983; Gilmore 1984; Siegel et al. 2002) . Initially, many of the Galactic models were focused on relatively luminous giant stars and rarely addressed (sub)stellar objects due to completeness issues (see for reviews of star counts and Galactic structure ; Bahcall 1986; Gilmore et al. 1989; King et al. 1990; Majewski 1993) .
Interest has now shifted to the spatial distribution of (sub)stellar objects, in part because they are possibly the most significant interlopers in studies of extremely high redshift objects (see e.g., Caballero et al. 2008) , but also because these are physically some of the longest lived objects. Consequently, any deep high-redshift survey, espe-cially in the near-infrared, undertaken with the Hubble Space Telescope automatically becomes a census of the smallest Milky Way stars. More importantly, these objects constitute the most numerous and oldest population of stars in the Galactic disk. For instance, Pirzkal et al. (2005) determined the scale-height of different types of dwarfs from the Hubble Ultra Deep Field (HUDF, Beckwith et al. 2006) . Ryan et al. (2005) found L and T dwarfs in a small set of ACS parallel observations. Stanway et al. (2008) and Pirzkal et al. (2009) determined the Galactic scale-height of M-dwarfs from the Great Observatories Origins Deep Survey fields (GOODS, Giavalisco et al. 2004 ). Ryan et al. (2011) added a search of early WFC3 pure-parallel fields for L and T dwarfs. These studies gradually improved statistics on L, T and M-dwarfs to several dozens of objects.
The identification of these Galactic dwarfs in images is difficult as one needs both high-quality data to distinguish from extragalactic sources and a good understanding of the initial mass function or the local density of these objects as a class. Two of the above studies (Pirzkal et al. 2005 (Pirzkal et al. , 2009 ) benefited from spectroscopic identification of the dwarf subtype in the HST/ACS grism spectra of the HUDF and GOODS fields (the GRAPES 6 and PEARS 7 projects respectively). Combined with an in-dex of stellarity in the direct image, this made identification of the dwarfs near certain. Alternatively, Kilic et al. (2005) used high-precision proper motion to identify the Galactic objects. Once an object has been identified as a candidate dwarf, its luminosity distance must be estimated, which requires accurate (sub)typing. Without direct spectra, we will show that this can be readily achieved with sufficient color coverage from the optical to the near-infrared. A dwarf census including subtype and distance, can answer several outstanding issues regarding the shape of the Milky Way traced by its most numerous stellar. members. Pirzkal et al. (2009) found, like Stanway et al. (2008) , an odd discrepancy in the numbers of M-dwarfs: there are 24% more M-dwarfs in the Northern than in the Southern GOODS field. Since our vantage point in the Milky Way is above the plane of the disk, one would expect the Southern GOODS fields to have more M-dwarfs. However, as present, this discrepancy has only been determined from two sight-lines out of the Galaxy, so it is still possible this may be source count field-to-field variance. By studying the older stellar population content of our Galaxy along many sight-lines down to the faintest possible magnitude, we can directly observe and measure the shape of the thin Galactic disk as traced by the old stellar population.
In order to improve our understanding of the contribution of faint dwarfs to Galactic structure, we will need much improved statistics to compare against Milky Way structure models. We use the recent HST/WFC3 Pure Parallel searches for bright high-redshift galaxies to find Milky Way dwarfs and determine the parameters of their distribution in the Milky Way disk (Trenti et al. 2011; Yan et al. 2010; Bradley et al. 2012 ). Thus far, based on HST imaging, the disk scale height for dwarfs has been found to be: 300 pc (Table 1) . (Zheng et al. 2001 ), 400 ± 100 pc (Pirzkal et al. 2005 ), 350 ± 50 pc, (L, T dwarfs Ryan et al. 2005 ), 370 ± 65 pc (for M4-M9 dwarfs) and 300 ± 70 pc (for M0-M9 dwarfs, Pirzkal et al. 2009 ) and 300 ± 25 (± 31 systematic) pc. (>M8, Ryan et al. 2011) .
The goal of this paper is to explore the reality of the North-South difference in M-dwarf counts and to accurately determine the scale-height of our Milky Way as traced by M-dwarfs. Previously, Ryan et al. (2011) investigated the L and T dwarf content, here we focus our analysis on the M dwarfs.
The paper is organized as follows, §2 reports the properties of the HST/WFC3 observations we use, §3 discusses how we generate the relevant sextractor catalogs, §4 presents our observational calibration of morphological identification of stars, M-dwarfs specifically, and subsequent sub-typing of the M-dwarfs. §5 presents our catalog of dwarfs in the BoRG fields and briefly discusses the validity of our morphological selection. In §6 we discuss the North/South difference, the Galactic scale-height as a function of dwarf subtype. §7 lists our conclusions and outlines future work.
WFC3 OBSERVATIONS
We use three WFC3 data-sets for this project: the CANDELS public v0.5 data-release, and the Early Release Science mosaic, both in the GOODS-South field for calibration and characterization of known M-dwarfs, and the BoRG pure-parallel observations for the detection of new Galactic M-dwarfs. Figure 1 . The GOODS South field with the The CANDELS v0.5 data-release of the deep part of the survey (red) and the Early Release Science mosaics (blue) overlaid on a digital sky survey image. The black circles mark the PEARS-identified stars.
CANDELS GOODS-S observations The Cosmic Assembly Near-IR Deep Extragalactic
Legacy Survey (CANDELS, Grogin et al. 2011; Koekemoer et al. 2011 ) is designed to explore galaxy evolution, from redshift z = 1.5 to ∼ 8. The survey is designed to cover approximately 800 arcmin 2 and is divided into two parts; CANDELS/Deep survey on both GOODS-N and GOODS-S and CANDELS/Wide covering GOODS as well as the EGS, COSMOS, and UDS fields. Data from the survey are non-proprietary and are published in a series of data-releases as soon as reduced to scientific quality (see http://candels.ucolick.org). In this paper we use the v0.5 data-release of the GOODS-South field, the first epoch of the CANDELS/Deep survey. Exposure times and sensitivity are very similar for this initial mosaic to the BoRG pure-parallel observations (Table 2) in the two near-infrared channels (F125W and F160W). We resampled the CANDELS F125W and F160W mosaics to a pixel scale of 0. 08 using drizzle (Fruchter & Hook 2002) to conform to the BoRG standard. For subsequent analysis, we only use a sub-section of this field ( Figure  1 ), where PEARS and CANDELS coverage overlap.
Early Release Science WFC3 mosaic in
Goods-South The WFC3 imaging of the GOODS-S field is from the Early Science Release (ERS Windhorst et al. 2011 ) (see the footprint information at http://candels.ucolick. org/survey/tile_maps/GOODS-S.html and Figure 1 ). The 10 WFC3 fields in the ERS program were also imaged with the F125W, F160W and F098M filters, the reason it was included in the Ryan et al. (2011) sample. We retrieve the data from the Hubble Legacy Archive (www.hla.stsci.edu), and combined these into a mosaic using swarp (http://www.astromatic.net/software/ swarp) to the same pixel scale as the BoRG fields. Figure 1 shows the overlap of this mosaic with the PEARS-S survey (Pirzkal et al. 2009 ).
BoRG
Our principal data-set is the WFC3 data from the BoRG (Brightest of Reionizing Galaxies, HST GO/PAR-11700, Trenti et al. 2011; Bradley et al. 2012) survey to identify Milky Way dwarf stars from their morphology and color. The BoRG observations are undithered HST/WFC3 conducted in pure-parallel with the telescope pointing to a primary spectroscopic target with the Cosmic Origin Spectrograph (typically a high-z QSO at high Galactic latitude). The limitations for such observations are primarily that no dithering strategy can be used (final images are at WFC3 native pixel scale) and total exposure times are dictated by the primary program.
The program's initial aims were to obtain 176 arcmin 2 of sky in 38 pointings, using four WFC3 filters (F606W, F098M, F125W, and F160W). An extension of the BoRG program in Cycle-19 brought more parallel observations and the full reproduced set of 68 images is presented in Bradley et al. (2012) . Because lines of sight are independent and well separated on the sky mostly at high Galactic latitudes (|b| > 20
• , see Figure 2 ), the BoRG survey samples the Milky Way disk away from the plane better than single sight-lines (e.g., the GOODS or H(U)DF . The sampling of the Milky Way disk structure of substellar objects is much better than the two lines-of-sight by the GOODS/PEARS fields (black circles). We discard one field (borg_1815-3244) for its low latitudes and line-of-sight through the plane of the disk and close of the center of the bulge. fields). The BoRG data-set used here is the second datarelease of 68 WFC3 fields (Table 13 ) for a total of approximately 209.9 arcmin 2 as described in detail by Trenti et al. (2011) and Bradley et al. (2012) , including some reprocessed fields from another pure-parallel program with similar science goals (Hubble Infrared Pure Parallel Imaging Extragalactic Survey, HIPPIES, HST GO/PAR-11702, Yan et al. 2010) . We use the WFC3 data-products generated by the BoRG team (see for details Bradley et al. 2012) . This is a standard multi-drizzle reduction of these undithered WFC3 data with Laplacian edge detection (van Dokkum 2001) to the individual FLT files to mitigate detector hot pixels and cosmic rays. Stellar objects are not affected by this filtering.
The BoRG survey is designed to identify relatively bright (m F 125W ≤ 27) high-redshift galaxies from their broad-band colors using the Lyman-Break technique (Steidel et al. 1996) . The primary aim of the survey is to select redshift z ∼ 7.5 galaxies as F098M dropouts. Two near-infrared filters (F125W and F160W) are used for source detection and characterization down to 26 mag ( Figure 3 ). One optical filter (F606W or F600LP in the case of the HIPPIES survey) is used to control contamination from lower redshift sources; z ∼ 1.5 compact galaxies, AGNs, and cool Milky Way stars. Our interest here now goes to the latter of these interlopers. Given the near-random pointing nature of the pureparallel HST program (higher Galactic Latitude objects are preferred for COS targets), the BoRG fields are minimally affected by field-to-field (cosmic) variance (Trenti & Stiavelli 2008) . Therefore, this catalog is uniquely positioned to set constraints on the number density of unresolved sources, either Milky Way stars or z ∼ 8 galaxies.
A recent BoRG observing campaign (BoRG13) is presented by Schmidt et al. (in preparation) , which includes approximately 50 arcmin 2 of new data (13 fields) and deeper observations of two previous BoRG pointings This brings the total J-band area of the BoRG survey to ∼ 350 arcmin 2 makes BoRG the largest existing near-infrared survey with HST, e.g., compare with CANDELS wide (260 arcmin 2 ) or deep (120 arcmin 2 ). We include nine BoRG13 fields as additional lines-of-sight in our sample (see Table 13 ).
CATALOG GENERATION
To construct the catalogs for the BoRG Fields, we ran sextractor (Bertin & Arnouts 1996; with similar settings as Trenti et al. (2011) but set to include mu_max , r 50 and other morphological information. Source detection was done in the F125W image, with the other filters run in dual-image mode. The multidrizzle weight files were used as RMS maps (once normalized, following the prescription in Casertano et al. 2000, WEIGHT_TYPE=MAP_RMS) , but scales appropriately to reflect the noise correlation introduced. The photometric zero-points are from Dressel et al. (2010); Windhorst et al. (2011): F606W: 26.08, F600LP: 25.85, F098W: 25.68, F125W: 26.25, and F160W: 25.96 respectively with A V corrections derived for each individual field (Table 13 ). These settings resulted in 93106 objects in the BoRG survey.
CANDELS AND ERS CALIBRATION CATALOGS
We generated sextractor v2.8 catalogs with the same settings as above for the section of the resampled CANDELS mosaic, which includes the PEARS-S coverage ( Figure 1 ) to obtain F125W and F160W luminosities and morphological information for the spectroscopically identified M-dwarfs. Optical magnitudes for these are from ACS photometry presented in Pirzkal et al. (2009) . The overlap between the PEARS-S survey and CAN-DELS mosaic is a sample of 24 M-dwarfs (Table 5 ). We will use their morphology to select bona-fide stars in the F125W images and their colors to select and sub-type the M-dwarfs.
A second calibration catalog of 22 bona-fide PEARSidentified M-dwarfs is constructed based on the ERS mosaics (Table 6 ). The ERS mosaic pixel scale was set to be identical to the BoRG fields and all the sextractor parameters are kept identical to the BoRG ones. Similar to the CANDELS and BoRG catalog, detection was done in F125W with the catalogs in F160W, F098M and F606W or F600LP in dual mode for the respective photometry. Cross-correlation with the PEARS identified sources used the published right ascension and declination from Pirzkal et al. (2009) converted to pixels but due to some lingering issues with the wcs coordinates in the ERS data, we are less certain about the crossidentification than in the CANDELS data (∼0. 1 uncertainty in position). Because of these issues and the uncertainty in the flux calibration between CANDELS and the ERS mosaics (Figure 4) , we adopt the CANDELS mosaic as our primary calibrator for morphological selection and sub-typing and the ERS to calibrate the color-color selection and as a check of the CANDELS data.
CANDELS and ERS photometry
We used the same zeropoints for all the filters as those used for the BoRG survey (Trenti et al. 2011; Bradley et al. 2012) and ERS (Windhorst et al. 2011) . However, the ERS data was taken when the WFC3 instrument was still cooling down and hence one could expect slightly different WFC3 performance between the CANDELS and ERS photometry catalog. To check, we identified stars (using the r 50 criterion below) in the full ERS mosaic and cross-correlated these with the full CANDELS catalog (derived from the 0. 06 mosaic). The overlap is 13 point-sources. Figure 4 shows the difference sextractor magnitudes for these stars between the CANDELS and ERS mosaics in the F125W and F160W filters.
Discarding the faintest objects as their stellarity becomes uncertain (Figure 5 ), the mean difference between the overlap stars for different apertures (m F 125W < 24, m F 160W < 23.5) are listed in Table 3 . We take the differences in the MAG_APER as the most reliable as these were computed for identical-size apertures. Because we used the ASSOC option in sextractor, the placement of these apertures could conceivably be slightly different (typically less than a pixel difference) but this is not enough to explain the offset in photometry.
Thus, for the following, we correct the ERS photometry by subtracting 0.43 and 0.39 for the F125W and F160W respectively. However, we lack a similar information for the F098M filter and adopt a correction of 0.4 magnitude, the mean of the correction for the F125W and F160W correction. Figure 4 . The difference in magnitude between the CANDELS and ERS mosaics. The CANDELS sextractor catalog was generated from the 0. 06 pixel scale, full mosaic. Cross-correlation with the ERS mosaic yielded 13 stellar objects. There is an offset in both filters between the mosaics. ERS CANDELS Figure 5 . The relation between MAG_AUTO and half-light radius (r 50 ) for the common objects between the CANDELS v0.5 field and the ERS (see Figure 1) . The green lines are the stellarity criterion for the half-light radius. Beyond MAG_AUTO∼24, the stellarity of these objects is doubtful.
information to be used for identification of the stellar type and subtype. There are several sextractor parameters cuts in use to identify unresolved sources, all of them a variation on a concentration index; the class_star, native to sextractor, the half-light or effective radius (r 50 ) used by Ryan et al. (2011) , the flux ratio between to pre-defined apertures, e.g., the stellarity index S 2 = MAG aper(1pix) /MAG ISO (F125W)) in Pirzkal et al. (2009) , and the relation between the brightest pixel surface brightness and total source luminosity (mu_max/mag_auto, Leauthaud et al. 2007 , who used it to discard stars.).
Using the M-dwarf catalog for CANDELS, we define three morphological criteria: one based on the stellarity index (S 2 ), one on the mu_max/mag_auto ratio, and one for the half-light radius (r 50 ) for F125W catalog. If we fit the relation between S 2 , mu_max/mag_auto and r 50 with mag_auto for these M-dwarf we get:
the relation between mu_max and the luminosity (mag_auto),
(2) and the half-light radius (r 50 ),
with the variance in the relation determined from the scatter of the M-dwarfs around the fit. Thus, by definition these criteria will typically select all 24 M-dwarfs in the CANDELS field. Figure 6 , 7, and 8 show these three criteria for objects in the CANDELS sub-field catalog with the PEARS M-dwarfs highlighted. For comparison, the ERS M-dwarfs are also marked. Table 4 shows how many stars they select in the CANDELS field.
Our goal is to define criteria that would successfully select the PEARS stars. We note that our calibrators are the confirmed M-dwarfs and that some of those objects selected as stars in the CANDELS field are still Galactic stars, just not M-dwarfs. All three criteria work remarkably better than class_star, selecting stars with little contamination for objects brighter than m F 125W < 24 (Figures 6-9 ). However, there is a marked difference in efficiency between the S 2 and mu_max/mag_auto criteria and the r 50 criterion in the 24-25.5 mag range. The half-light radius criterion is much stricter than the other two (Table 4) , i.e., it includes most of the PEARS identified M-dwarfs but includes much fewer objects from CANDELS than the other two criteria. 
Table 4
The number of selected objects in the CANDELS/GOODS-S mosaic section (Figure 1) The half-light parameter was used by Ryan et al. (2011) in some of these fields to select faint dwarf stars (1.2 ≤ r 50 ≤ 1.8 pixels with their pixelscale set to 0. 09). Our calibration here shows that this selection criterion is even a little lenient (the selection range can even be narrower), allowing for the different pixel scales, but works very well for the M-dwarfs in these fields.
ERS catalog check
The 22 M-dwarfs in the ERS catalog are also plotted in Figures 6-9 to serve as a check for the morphological selection. Their positions in these figures reveal a sensitivity in both the S 2 and the mu_max-mag_auto relations for unresolved objects to the pixel scale. The r 50 criterion is less sensitive to the scale of the pixels. Most likely, this is because it is computed from the growth curve of an objects, i.e., the ordered list of pixels. The other two criteria both depend on an aperture of a single pixel and hence are more sensitive to the pixelscale. Several of the identified objects in the ERS catalog are well away (r 50 > 2 pixels) from those values expected for stars, i.e., unresolved objects. These are likely either mis-identifications in the ERS field or blends with other objects or artifacts.
The comparison shows that both the r 50 and the mu_max/mag_auto work well for stellar selection brighter than 24 mag and the r 50 includes much less in-terlopers down to 25.5 mag. The practical limit of 24 mag for PEARS identified M-dwarfs in F124W would limit identifications to distances from 3.2 to 36.3 kpc depending on M-dwarf subtype (M9-M0 respectively), or some 10-100 thin disk scale-heights. We treat our sample as uncontaminated, photometrically accurate, and calibrated with the CANDELS M-dwarfs up to this conservative limit, which is still two magnitudes above the BoRG photometric detection limit (Figure 3 ). because of the wide range in optical-near-infrared colors M-dwarf subtypes can display ( Figure 10 ). To identify M-dwarfs, we require their J F 125W − H F 160W and Y F 098M − J F 125W color to be similar to the distribution of the PEARS-identified M-dwarfs. To find the J-H color range, we can use both the CANDELS as the ERS catalog but for the Y-J color, we must rely on the ERS catalog alone. Figure 11 shows the distribution of J F 125W − H F 160W color for the PEARS M-dwarfs in the CANDELS and ERS fields. These are not in the range one would infer from Ryan et al. (2011) , in their Figures 3 and 4 but wider by a few tenths of magnitudes. The ERS and CANDELS J-H colors are still different by ∼ 0.1 magnitude ( Figure 11 ). We suspect that the PEARS Mdwarf F125W-F160W color distribution in CANDELS in Figure 11 is different than the distribution in Ryan et al. (2011) because their colors were derived from spectra convolved with appropriate filter response functions. There is however an under-reported drop in WFC3 detector sensitivity on the red side of the F160W filter (Andersen et al. in preparation, private communication) . The F098M and F125W filters however, do not suffer from the detector sensitivity degradation at the red side. This could in part account for the small difference in J-H color of the CANDELS M-dwarfs, whose photometry we trust, with the position of M-dwarfs in Figure 3 in Ryan et al. (2011) or the difference in F125W-F160W color with the ERS as the detector was still cooling down ( Figure 11 )
The ERS mosaics is in the same NIR filters as the BoRG fields (F125W, F160W and F098M) and Figure 12 shows the position of the 22 objects matched to PEARS M-dwarfs in a J-H, Y-J color-color plot. We show the same color criteria as Figures Based on both Figure 11 and 12, we define a nearinfrared color-color criterion to select M-dwarfs in the BoRG survey; −0.05 < J − H < 0.3 and 0.1 < G − J < 0.75 (the solid blue boxes in Figure 12 and 19 in addition Table 5 The M-dwarfs identified by PEARS in the CANDELS field. The optical magnitudes are from Pirzkal et al. (2009) and the F125W and F160W magnitudes from our sextractor catalog of the CANDELS field. Table 6 The M-dwarfs identified by PEARS in the ERS mosaic. The optical magnitudes are from Pirzkal et al. (2009) and the F125W and F160W magnitudes from our sextractor catalog of the ERS mosaic. to the L, T and MLT boxes from Ryan et al. (2011) . Figure 14 . The relation between M-dwarf sub-type (0-8) and the F606W-F125W color relation as determined from the GOODS, CANDELS and ERS data for the PEARS spectroscopically identified M-dwarfs. There is a linear relation between this color and the subtype which we use to type the dwarfs in the BoRG WFC3 parallel fields. We show three fits; one based on all M-dwarfs (t<6), only the CANDELS M-dwarfs (t<6) and only the ERS M-dwarfs. We adopt the CANDELS relation as this sample is the cleanest with accurate photometry and similar exposure times as the BoRG fields.
Sub-typing M-dwarfs
Our last calibration involving the PEARS identified M-dwarfs in the CANDELS and ERS mosaics of the Figure 15 . The residual between V-J inferred subtype and the spectroscopic subtype from PEARS for the M-dwarfs in the ERS and CANDELS data. The ERS F125W photometry may be shifted slightly still with respect to the CANDELS's ( Figure 11 ) and this may account for the higher scatter for this subset.
CANDELS fit ERS fit
GOODS-S field is to derive a color-subtype relation. Figure 13 shows the relation between r-J color and dwarf type from Hawley et al. (2002) . M-dwarfs show a linear relation with a color, provided the baseline is long enough, i.e. optical to infrared. The later L and T dwarfs do not have such a clear relation. Figure 14 shows the relation between the V F 606W − J F 125W color and the spectroscopic sub-type as determined by Pirzkal et al. (2009) for the 24 PEARS Mdwarfs in CANDELS and the 22 PEARS M-dwarfs in the ERS. They obtain a type from template fits to each ACS grism spectrum obtained for these objects. Because of design of the PEARS observations, there are ofttimes several spectra taken at different roll-angles. Cross-comparison between the spectral fits show that the uncertainty in the PEARS type classification is less than an M-dwarf subtype. We therefore take these spectral types as our gold standard for the classification of the stellar objects in the WFC3 parallel fields. Figure 14 shows the relation between the V-J color and spectroscopic type from PEARS. We fit a linear relation to the CANDELS sample because it is the cleanest selection and photometry. The linear relation in the PEARSidentified CANDELS M-dwarfs can be expressed as:
The M-dwarfs identified by PEARS in the ERS mosaic display more scatter that the CANDELS M-dwarfs but after correction of the F125W magnitudes (see above), the V-J colors and their PEARS subtype generally agree well with the relation derived from the CANDELS Mdwarfs, although some difference may remain ( Figure  11 ). Figure 15 shows the residual between the V-J color type and PEARS spectroscopic type. The PEARS Mdwarfs cover mostly subtype 0-5 and only a few M (t > 6) are in this sample. Consequently, the color-subtype relation is most reliably for the earlier subtypes. Based in Figure 15 , we take that our subtype based on V-J color is accurate within a subtype. We adopt this relation to type M-dwarfs in the BoRG fields and compute type uncertainties as a result of the photometric uncertainty in the F606W and F125W magnitudes. We use the absolute magnitudes from Hawley et al. (2002) to compute distance moduli (Table 7 ) and infer distances. 4.5. Substituting F600LP for F606W photometry In the case of 24 fields in the BoRG survey, F606W photometry is not available. These fields come from the HIPPIES or COS-GTO parallel observations which opted for F600LP rather than F606W. The F600LP filter has a slightly different width compared to the F606W and a different central wavelength (closer to Johnson-I). Fortunately, there are three fields for which both F606W and F600LP data is available. We compared the F606W-F600LP colors for those objects already pre-selected by their near-infrared color and morphology as likely Mdwarf to assess the impact of the change of filters. Figure  16 shows the histogram of the color difference between the two bandpasses for M-dwarfs. The difference is substantial: F600LP -F606W = -2.65 mag with a spread of 0.88 mag. Therefore we correct our F600LP photometry with this difference and increase the uncertainty in the photometry accordingly as well (which should be reflected in the subsequent automated typing). Objects below the bottom green line are more likely to be defects (e.g. remaining hot pixels etc.).
STARS IN THE BORG WFC3 PURE-PARALLEL FIELDS
With the morphological and near-infrared color-color selection in hand, we now search the BoRG fields for Mdwarfs as well as other substellar types. Figure 17 shows the same parameter space as Figure 8 but with all the BoRG objects. Based on the r 50 selection criterion, we find 1308 stars to 24 mag in F125W in the 59 WFC3 parallel fields. For comparison, Figure 18 shows the other morphology criteria. The r 50 selection criterion seems the most appropriate for the BoRG fields as the locus of stellar points is within the criterion lines. S 2 appears equally applicable but the mu_max/mag_auto criterion shows a discrepancy compared to Figure 7 . We suspect this is because the CANDELS data was originally at a different pixel size and this criterion is sensitive to the exact pixel scale of the image. Figure 17 validates therefore our adoption of the r 50 criterion for the morphological selection of stars.
To identify the various subtypes of stars, we construct a NIR color-color diagram similar to Figure 3 in Ryan et al. (2011) , as discussed above. Figure 19 shows this plot with the limits for our selection criteria for approximate types. In the BoRG sextractor catalog, we identify 30 L-dwarfs, 1 T-dwarfs, 274 M-dwarfs and 29 M, L or T-dwarfs based on the color cuts. The M-dwarf sample is the one of interest here. Tables 14, 15 and 16 list the properties of the identified stars which conform to the M, T and L-dwarf color cuts (Figure 19 ).
Subsequently, we sub-type the M-dwarfs according to equation 4. Figure 20 shows the histogram of M-dwarf subtypes in the BorG fields as well as those objects in the Figure 4 from Ryan et al. (2011) , to distinguish between L, T, and M-dwarfs.
MLT box in Figure 19 for comparison. In effect this is an additional optical-near-infrared color criterion for Mdwarf selection as we will discard any star that could not be sub-typed. The dominant type in our M-dwarf sample is M0, specifically -1 to 1 type, not unexpectedly as these are the brightest and most numerous type of M-dwarf. There are almost as many later-type M-dwarfs (M4 and above) in the MLT color selection as in our exclusively M-dwarf box. However, as we note above, the later type classification is the most uncertain and in the MLT box, susceptible to L and T dwarf contamination. There is still the possibility of contamination by Giants, sub-dwarfs and AGNs but we are confident that the morphological selection, luminosity limit and the colorcolor restriction select a very clean sample of Milky Way M-dwarfs. belonging to the Milky Way. In principle, M-giants could be selected by our color selection. However, the their onsky density (4.3 × 10 −5 M-giants/arcmin 2 ) makes it unlikely -not impossible-that even a single one is included in our selection. One could make a similar plausibility argument against very nearby M-type subdwarfs: the volume probed at close distances is comparatively small for a pencil beam survey.
DISCUSSION
Based on our bona-fide, morphologically and color selected M-dwarfs and the subsequent color sub-typing, we explore the North/South discrepancy, the Galactic thin disk scale-height as a function of subtype and whether or not we detect any additional Galactic component (Halo or Thick disk). Pirzkal et al. (2009) Widrow et al. (2012) and Yanny & Gardner (2013) find similar North-South discrepancies in the SDSS catalog of (dwarf) stars in the solar neighborhood.
One of our science goals with this study was to establish if this a real discrepancy of due to natural field variance. The BoRG fields are over many more lines of sight and dividing these in Galactic Northern and Southern Fields: 134.5 and 72.1 square arcminute respectively. We count the M-dwarfs in those fields above 20
• Galactic Longitude to avoid two Southern fields that sample more along the Galactic Plane.
We find on average 1.157 ± 0.088 M-dwarfs of all types (M0-9) per arcmin 2 in the Northern fields and 1.293 ± 0.127 per arcmin 2 in the Southern Galactic fields (Table  8) , which agrees with the previously observed discrepancy. The Northern over density is the most pronounced in the early (M0-4) type M-dwarfs. Taking into consideration that for these early-types the statistics are more secure, and early-types dominate the grism sample of Pirzkal et al. (2009) (or the SDSS catalog), our counts corroborate the previously found North-South discrepancy. The Northern overdensity is most pronounced in the earliest types, gradually diminishing and reversing for late-type M-dwarfs (Table 8) . Table 8 Average number of M-dwarfs per square arcminute in Southern and Northern Galactic fields (|l| > 20 • ). M-dwarf numbers refer to those objects in the blue box in Figure 19 . The last two columns are the ratio of M-dwarfs in Northern and Southern fields and the signal-to-noise of the noise. The distribution of M-dwarf distances in borg_1230+0750, with a concentration at 20-25 kpc.
dwarfs/arcmin
2 . Such over-densities of faint Galactic stars are a possible contaminant for identifications of over-densities of high-redshift clusters (e.g., Trenti et al. 2012) .
The Galactic position of this over-density (l = 287.119670593
• , b = 70.0322203957
• ) argues against a spiral arm or disk substructure to be the origin of this over-density. However, its position is exactly on the Sagittarius stellar stream (Majewski et al. 2003; Belokurov et al. 2006) . Figure 22 shows the histogram of photometric inferred distances for the M-dwarfs in borg_1230+0750. The distance of the over-density of Mdwarfs at 20-25 kpc. is also in line with these M-dwarfs belonging to the Sagittarius stream (Newberg et al. 2002; Belokurov et al. 2013 ) at this Galactic longitude.
The relative ease with which this stellar stream was identified in the BoRG data, shows that the future EU-CLID mission will identify virtually all streams in the Milky Way halo from the dwarf stars alone. 6.3. Thin Disk Scale Height. Previous studies based on small numbers of fields have already given us several estimates of the scale-height of the thin disk of the Milky Way in substellar objects (Table 1). The consensus appears to be a scale-height between 300 and 400 pc for the thin disk. For M-dwarfs, Jurić et al. (2008) find a thin disk of z 0 = 300 pc. and a thick disk with z 0 = 900 pc. from SDSS data.
To estimate the distances to each M-dwarf, we compute the distance modulus from the inferred sub-type (and hence absolute magnitude) and the apparent magnitude in F125W. We compute the Galactic radius and height above the plane for all M-dwarfs, based on their Galactic longitude, latitude and the above distance, assuming the position of the Sun is 27 pc. above the plane, and at a Galactocentric radius of 8.5 kpc from the Galactic center.
To compute the density at each M-dwarf's position, we compute the physical area at the inferred distance of the BoRG survey field in which the dwarf was found and a binwidth of 1pc.
We discard one field (borg_1815-3244) for two reasons: it is at low Galactic Latitude with a line-of-sight straight through the Galactic bulge (Figure 21 ), and secondly, there is only F600LP information available which makes subtyping of M-dwarfs more uncertain. This field contains 67 M-dwarf candidates but these are not used for the following analysis. Figure 23 shows the distribution of radius and height above the disk for the 274 stars in the BoRG survey with their corresponding number density and type. The fainter late-sub-type M-dwarfs are in a localized thin disk and the bright early-sub-typ (e.g., M0) correspond closer to the thick disk component.
We assume that the Galactic disk has the following parametric shape:
where ρ(R, z) is the dwarf number density in a point in the disk, ρ 0 is the central number density, R is galactocentric radius, h is the scale-length, z is height above the plane, and z 0 is the scale-height of the disk.
To collapse Figure 23 , we weight the volume densities with the exponential part of this equation since we aim to infer the vertical structure first, i.e., we assume a single scale-length and calculate exp(−R/h) as a weight for each dwarf volume density. In Figure 24 , the volume densities have all been scaled this way, assuming the scalelength (h) of the thin disk from Jurić et al. (2008) of 2.6 kpc. They found a scale-length for the thick disk of h=2.9 kpc. Alternatively, Bensby et al. (2011) found a thin-disk scale-length of h=3.8 kpc and h=2.0 for the thick disk, corroborated by Cheng et al. (2012) and the trend of stellar population and scale-length in Bovy et al. (2012) . We use the Bensby et al. thin disk scale-length for dwarfs found in below 500 pc and the thick disk one for those more than 500 pc out of the plane. The implicit assumption in this renormalization is that the scale-height does not change with radius, which is observed in external galaxies seen edge-on (Comerón et al. 2011c,b,a, Streich et al in preparation) . Figure 24 shows more clearly how the later-type Mdwarfs (M4-8) in the BoRG fields are concentrated in the thin disk and the earlier types (M0-3) probe both thin and thick disks. It also shows that there may be several disk components in early types with different scaleheights above and below the plane of the disk. This would explain the North-South differential noted earlier by Pirzkal et al. (2009) .
First we perform a naive fit on the vertical distribution of M-dwarfs as a function of sub-type: we fit the sech 2 (z/z 0 ) to their densities for each sub-type disregarding the different sampling or the existence more than a single disk component. Fit parameters, ρ 0 and z 0 are listed for each M-dwarf type in Table 10 . The fit to the M4 dwarfs distribution is not a physical solution. Figure  25 shows the best fits to the densities and Figures 26 and 27, the central density and scale-height as a function of type. The central densities in Figure 26 are not scaled by the central volume density of dwarfs. For comparison, we plot the volume densities computed from the local number of M-dwarfs compiled in Reid et al. (2008) , their Figure 7 , which is based on the numbers reported in Reid et al. (2004 Reid et al. ( , 2007 and Cruz et al. (2007) for the latest M-dwarf types (M7-10). Table 9 lists the local densities as a function of M-dwarf type. We only note that both stay relatively constant with M-dwarf subtype. Figure 27 shows the dependence of scale-height, z 0 with M-dwarf subtype. The progressive decline in scale-hight with subtype is in part due to the different heights sampled. Early types are a mix of thin and thick disk while later types were only found in the thin disk. Bovy et al. (2012) argue that the different metallicity (and hence age) populations of the Milky Way all have their own distinct and unique scale-length andheight. They find that older populations are more concentrated (shorter scale-length) but the most vertically distributed (greatest scale-height). Similar results were found by Bensby et al. (2011) (using a thin/thick disk terminology) and Cheng et al. (2012) . The trend between scale-height and M-dwarf subtype in Figure 27 fits with this general picture that there are not distinct thick and thin disks but a gradual transition in scales with stellar population. Because the majority of our fields are high Galactic latitude, we lack the statistics to perform a double fit (vertical and radial). We note however, that our use of the Bensby et al. (2011) thick-and thin-disk scale-lengths improved the vertical fits substantially over a single scale-length solution.
There are several "spurs" of stars in the height-density plot of Figure 25 . To investigate if these correspond to specific areas in the Milky Way, we replot the heightdensity plot for all M-dwarfs, coded with the Galactic position in Figure 28 . Substructures become visible as a function of Galactic Longitude. For example, the upturn in M-dwarfs at 0 to -10 kpc above the plane is due to a few fields near l ≥ 310
• and b = −40
• . The Longitude position strongly suggests the Milky Way Bulge as 
Table 10
The vertical profile fits to the full sample of identified M-dwarfs. the origin of the additional M-dwarfs but the Latitude is quite low for much of the effect of the Galactic bulge.
To characterize the different scale-heights implied by the spurs in Figure 28 , we selected Galactic longitude or latitude sections for a sech 2 fit, summarized in Tables 11  and 12 . The sech 2 fits to these cuts show an expected variety of z 0 values. Given the vertical extent that the observations probe, contributions from stellar halo components are likely included (similar to the Sagittarius stream in §6.2). For example, the spur of stars at 20 kpc at l = −75
• and b = −75
• (yellow and red points in Figure 28 left and right panel respectively) is at a higher density than one would expect from the different Latitude observations at l = 120
• (green point in Figure 28 , left panel). However, that spur is the result of a single field and this may be simple cosmic variance in our counts. To reliably detect halo substructure or even typical scales, using M-dwarfs, one needs to image a much greater area of sky continuously (i.e., with EUCLID).
Table 11
The fits to selected Galactic Latitude cuts. 
L and T Dwarfs
We do find a number of stellar objects in the L and T color selection criteria from Ryan et al. (2011) . There is one object, brighter than 24 mag in F125W in these fields that fall into the T-dwarf box. This is not the sole T-dwarf identified by Ryan et al. (2011) which is a 25.08 mag object. Table 15 lists the properties of the single m < 24T-dwarf stars in BoRG. The color-color selection also identifies 30 L-dwarfs in the BoRG survey. Table  16 lists their properties. Neither T nor L dwarfs have a reasonably well-calibrated relation between optical-near infrared color and sub-type (see e.g., Burningham et al. 2013 ) to allow for a distance estimate similar to the Mdwarfs, nor do we have the statistics in hand to infer a scale-height for these objects. Wilkins et al. (2014) reiterate that L and T-dwarfs pose a risk of contaminating high redshift (z ∼ 7) colorselected samples and show how some dwarf spectra may even masquerade as objects with emission lines. They generated their color selections similar to Ryan et al. (2011) and the boxes in Figure 12 do generally agree with the derived colors. Wilkins et al. (2014) claim HST morphological information is insufficient to cull L-and T-dwarfs from a high-redshift galaxy sample. We have shown that dwarfs can be unequivocally identified by their stellar morphology using simple tools such as sextractor down to 24. AB mag in undithered WFC3 data and a reliably star/galaxy separation is not only crucial for high-redshift studies but very likely possible down to much lower luminosities. The second issue is the surface density of these later dwarf types. For the first time, we can give an indication for random highlatitude, space-based observations based on the number of L-dwarfs found (Table 16 ). Figure 29 shows the surface density of L-dwarfs selected by our morphology and color criteria. It shows a WFC3 exposure has < 1 L-dwarf that can be selected against morphologically. Extrapolating to lower luminosities (including improved star/galaxy separation), the contamination problem may not be as dire as predicted. For example, Wilkins et al. (2014) assume that the local brown dwarf density (0.015 stars/pc 3 ) holds throughout all the Milky Way components (thin ad thick disks and halo). However, the spatial density drops exponentially with height above the place. If L-and T-dwarfs follow a similar scale-height as the Mdwarfs examined here (z 0 ∼ 300 pc), then contaminating dwarf stars at 1-2 kpc distance will be very rare, even before morphological selection.
CONCLUSIONS
• Stars can be selected best using sextractor's half-light radius (r 50 ), corroborating previous identifications (Figures 8 and 17 ).
• M-dwarfs can be reliably sub-typed using a nearinfrared and optical color (Figure 14 ).
• Relatively more early-type M-dwarfs are identified in Northern fields as opposed to Southern Galactic (Table 8) .
• We report an over-density in one of our fields, borg_1230+0750, consistent with the M-dwarf members of the Sagittarius stream at a distance of 20-25 kpc. (Figure 22 ).
• A naive, single-component fit of the vertical distribution of M-dwarfs shows a steady decline of scaleheight, z 0 , with M-dwarf sub-type (Figure 27 ).
• The grouping of spurs of stars at different Galactic coordinates strongly hints at substructure in the Milky Way disk/halo of M-dwarfs (Figure 28 ).
FUTURE WORK
Future work with WFC3 (pure-parallel) programs on Milky Way Dwarfs will use the ever-increasing number of sight-lines available to build a comprehensive catalog of M,L and T dwarfs belonging to the thin and thick disks and stellar halo of our Milky Way. New pure-parallel observational programs with HST/WFC3 are needed to expand the number of sight-lines and improve statistics. At lower Galactic latitudes, this could easily be achieved with lower integration times than the BoRG or HIPPIES programs. Once such a proposed program is completed fully, the total tally of M-dwarfs should give a first idea of the size and shape of the Milky Way disks, thin and thick, and depending on the total statistics, the Galactic Halo.
In parallel, spectroscopic identification if Milky Way dwarf stars by the HST-3D near-infrared grism spectra (e.g., Brammer et al. 2012 ). The ongoing imaging and grism campaigns on the CANDELS fields (Koekemoer et al. 2011; Grogin et al. 2011) will improve the calibration of the photometric identifications of Galactic Dwarfs in the pure-parallel surveys as well as add additional statistics to the star counts.
The general technique of morphologically identifying stars in space-based imaging, identifying dwarfs from near-infrared colors and subsequently sub-type these using an optical-near-infrared color will be perfectly suited for the EUCLID mission (Laureijs et al. 2011 ). The wideband optical filter can be used to morphologically identify the stars and the three near-infrared filters to hone in on the Galactic dwarfs. Finally, the optical-nir color and complementary grism spectroscopy can then be used to subtype these dwarfs. With the wide survey area to faint point source sensitivity (all-sky 24 mag, 26 mag in deep fields) the EUCLID mission will yield an accurate measure of the shape and size of our Milky Way in sub-solar dwarfs as well as an accurate census of Halo substructure similar to the Sagittarius stream. Limiting factors may be the PSF in the near-infrared, leading to confusion issues and the width of the optical filter complicating subtyping. However, the two independentangle grism spectra of all the objects in the field should unequivocally identify the Galactic dwarf stars.
Milky Way dwarfs are unlikely to be the focus of James Webb Space Telescope observations but they will certainly feature in them. The ubiquity of M-dwarfs in the BoRG fields points to their possible use as fine guidance for JWST image and NIRspec imaging/MOS registra-tion.
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Table 14
The 274 M-dwarfs identified in BoRG. Table 15 The 1 T-dwarfs identified in BoRG. Table 16 The 30 L-dwarfs identified in BoRG. 
